Extraction of lipids from food samples 2.2.1 Milk
Milk sample was diluted nine-fold with 1 sodium chloride solution. Diluted milk was then diluted twenty-fold with a mixture of chloroform and methanol 2:1, v/v . This solution was mixed vigorously with a vortex mixer and centrifuged at 1,000 g for 5 min. The bottom layer was collected. This process was repeated three times. The collected bottom layer was carefully removed with a Pasteur pipette and dried with anhydrous sodium sulfate. The solution was filtered and the solvent was removed by rotary evaporation under vacuum to collect milk lipids.
Foods except milk
Food sample was homogenized with a two-fold weight of normal saline. Homogenate was placed in a screw-capped test tube, and a two-fold volume of a mixture of chloroform and methanol 2:1, v/v was added to the homogenate 17 . The solution was mixed vigorously with a vortex mixer and centrifuged at 1000 g for 5 min. The collected bottom layer was carefully removed with a Pasteur pipette and dried with anhydrous sodium sulfate. The solution was filtered and the solvent was removed under a nitrogen stream.
Methyl esterification of lipids for fatty acid composition analysis
Extracted lipids were converted to FAME according to the American Oil Chemists Society s AOCS official method Ce 1j-07 18 . In brief, extracted lipid sample 100 mg was mixed with 5 mg/mL solution 1 mL of 13:0-TAG in chloroform as an internal standard. After solvent evaporation, the lipid sample 40 mg was placed in a screwcapped test tube, mixed vigorously with a vortex mixer, and saponified with 0.5 N solution 1.0 mL of sodium hydroxide in methanol by heating at 100 for 7 min. The resultant solution was added to a 14 solution 1.5 mL of boron trifluoride in methanol and incubated at 100 for an additional 3 min. Hexane 2 mL and saturated sodium chloride solution 3 mL was added, and the upper hexane layer was collected for analysis.
Conditions for total fatty acid composition analysis
with gas chromatograph-ame ionization detector Conditions were determined according to the AOCS official method Ce 1j-07 18 . An aliquot 1 µL of the FAME in hexane solution was subjected to the gas chromatographflame ionization detector GC-FID, TRACE GC ULTRA, Thermo Fisher Scientific Inc., Waltham, MA equipped with a cyanopropyl capillary column SP-2560, 100 m 0.25 mm ID, 0.20 µm thickness, Sigma-Aldrich Japan K.K., Tokyo, Japan . The temperatures of the injection port and detector were 235 and 325 , respectively. The column temperature was maintained at 180 for 32 min and then increased to a final temperature of 240 at 20 /min. Finally, the column temperature was maintained at 240 for 31.25 min. The split ratio was 100:1 and the flow rate of the carrier gas helium was 1.0 mL/min. The retention times of respective fatty acids were determined using Supelco 37 Component FAME Mix and TFA isomer standards.
2.5 Separation of TFA from methyl esterified lipid for trans-18:1 positional isomer analysis The TFA fraction in the FAME was separated using a silver ion cartridge Ag-ION SPE, Discovery Ag-ION, Sigma-Aldrich Japan K.K. according to the method reported by Goto et al. 19 . A sample 0.5 mg of the FAME was loaded into the cartridge and dichloromethane 6 mL was passed through to remove the saturated fatty acid fraction. The TFA fraction was then collected by using dichloromethane/ ethyl acetate 6 mL, 90:10, v/v . After solvent evaporation, the residue was dissolved in a small volume of hexane for GC-FID analysis.
Conditions for trans-18:1 positional isomer analysis
with GC-FID An aliquot 1 µL of the FAME in hexane solution was subjected to the GC-FID TRACE GC ULTRA, Thermo Fisher Scientific Inc. equipped with an SLB-IL111 capillary column 100 m 0.25 mm ID, 0.20 µm thickness, Sigma-Aldrich Japan K.K. . The flow rate of the carrier gas helium was 1.2 mL/min 20 . Both the injector and detector temperatures were set at 250 . The column temperature was maintained isothermally at 120 condition 1 for the separation of trans-18:1 positional isomers, except for trans-6-18:1 and trans-7-18:1, and 160 condition 2 for the separation of trans-6-18:1 and trans-7-18:1. Total run time of conditions 1 and 2 were 180 min and 60 min, respectively. The split ratio was 100:1. The retention times of respective trans-18:1 positional isomers were determined using trans-18:1 isomer standards.
2.7
Calculation of TFA isomer content and distribution of trans-18:1 positional isomers Content of individual TFA isomers were calculated according to the AOCS official method Ce 1j-07 18 . Distribution of the individual trans-18:1 positional isomers was expressed as relative percentage to trans-18:1, according to the method by Yoshinaga et al. 20 
RESULTS
We analyzed samples of 169 processed foods and 81 foods derived from ruminant meat or milk. Content of trans-hexadecenoic acid trans-16:1 , trans-18:1, transoctadecadienoic acid trans-18:2 , and trans-octadecatrienoic acid trans-18:3 , and distribution of 13 different trans-18:1 positional isomers from trans-4-18:1 to trans-16-18:1 in processed foods and foods derived from ruminant meat and milk are summarized in Tables 1 and 2, respectively. In this study, distributions of positional isomers in trans-16:1, trans-18:2, and trans-18:3 were not further analyzed, because the distributions were complex and the content of each respective isomer was low. In addition, the AOCS official method Ce 1j-07 indicated that one of the trans-18:3 isomer, 9c,12t,15c-18:3, would co-elute with 9-cis-decenoic acid 9c-20:1 . However, we confirmed that the cyanopropyl capillary column SP-2560, 100 m 0.25 mm ID, 0.20 µm thickness, Sigma-Aldrich Japan K.K. used in this study could separate them. Consequently, quantification of trans-18:3 was also conducted in this study. Due to low content of trans-18:1 in certain samples, we did not quantify the distribution of trans-18:1 positional isomers in approximately half the samples. Particularly, content of trans-18:1 in the processed food samples was zero or low. In fact, cis-18:1 and trans-18:1 could not be separated using silver ion cartridge and co-eluted in lipid samples that contained low amounts of TFA. This pre-treatment was indispensable because some cis-18:1 and trans-18:1 positional isomers eluted simultaneously in GC analysis and the co-elution made analysis of respective trans-18:1 positional isomer distributions very difficult. Therefore, the samples that co-eluted cis-18:1 with trans-18:1 by silver ion cartridge were not analyzed in this study.
Numerous processed food samples number 1, 6, 11, 12, 42, 43, 65, 66, 67, 68, 83, 84, 95, 96, 109, 110, 111, 112, 113, 114, 115, 116, 117, and 118 in Table 1 contained 1.0 g TFA / 100 g food or more. These foods naturally separated into two types, monoene-rich type with a high content of trans-18:1 and polyene-rich type with a high content of trans-18:2 and trans-18:3. Numerous food products derived from ruminant meat or milk number 1, 21, 36, 37, 38, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, and 64 in Table  2 also contained 1.0 g TFA / 100 g food or more. The distribution of these foods differed from that of the processed foods; all of these samples were trans-18:1 type.
The trans-18:1 positional isomers in both processed foods and food products derived from ruminant meat or milk consisted of various trans-18:1 positional isomers. However, distribution of trans-18:1 positional isomers differed between them. In processed foods, the predominant trans-18:1 positional isomers were trans-9-18:1, trans-10-18:1, and trans-11-18:1 Table 1 . In contrast, in foods derived from ruminant meat or milk, the predominant isomers were trans-10-18:1 and trans-11-18:1 Table 2 .
DISCUSSION
Many researchers from around the world have studied and analyzed the TFA content of foods in various countries 9, 21 25 . Although Japan maintains records of the TFA content of foods consumed in the Japanese market, these records are written in Japanese and not accepted by English scientific journals 26 . Consequently, published studies on this topic are scarce. Furthermore, the distribution of trans-18:1 positional isomers in foods consumed in Japan has not yet been investigated. The primary TFA 
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Blended -18:3  t4  t5  t6  t7  t8  t9  t10  t11  t12  t13  t14  t15  t16 73 -18:3  t4  t5  t6  t7  t8  t9  t10  t11  t12  t13  t14  t15  t16 145 isomer in foods is trans-18:1, and trans-9-18:1 and trans-11-18:1 are representative positional isomers of industrial and ruminant TFA, respectively 14 . Numerous studies indicated that the negative effects of TFA on the LDL/HDL ratio in blood cholesterol differed between whether the TFA were derived from industrial or ruminant sources 27, 28 . These reports demonstrated trans-9-18:1 and trans-11-18:1 as representative of industrial and ruminant TFA, respectively. Therefore, the distribution of trans-18:1 positional isomers in foods is also important to quantify in the analysis of TFA. In this study, we examined the content of TFA, content of TFA isomers, and distribution of trans-18:1 positional isomers in foods sampled in the Japanese market. It was previously reported that the average intakes of industrial TFA and ruminant TFA were 0.19 and 0.12 , respectively, of caloric energy in Japan 26 . Therefore, the total intake of TFA was only 0.31 of caloric energy, which was lower than the recommended 1 daily intake given by WHO 28 . However, some foods consumed in Japan contain high contents of TFA, and increased consumption may increase TFA intake. In fact, Yamada et al. reported that 24.4 of women and 5.7 of men consume more than 1 TFA of their caloric intake in Japan 29 . In our study, we showed that pie pastry, margarine, butter, and beef tallow contained more than 1 g TFA / 100 g food Tables 1 and 2 . These foods are commonly consumed and may increase TFA intake in Japan. TFA isomers in these foods were separated into two main types, foods with high content of trans-18:1 and foods with high content of trans-18:2 and trans-18:3. For example, both canola oil sample number 32 in Table 1 and cake sample number 69 in Table 1 contained 0.9 g TFA / 100 g food. However, TFA in canola oil consisted of 0.1 g / 100 g food of trans-18:2 and 0.8 g / 100 g food of trans-18:3, classifying canola It has been demonstrated that TFA can be formed during heating of oil via a mechanism that involves continuous radical addition and elimination reactions 30 32 . During these reactions, cis to trans transformation occurs, generating a trans-type double bond from a cis-type double bond without changing the double bond position. Canola oil contains linoleic acid 18:2 and α-linoleic acid 18:3 , and double bonds in these polyunsaturated fatty acids are highly targeted by this radical addition reaction, producing trans-18:2 and trans-18:3. Mayonnaise sample number 28 in Table 1 was another example of high content of trans-18:2 and trans-18:3. These TFA came from using plant oil in food manufacturing. In contrast, cake had high content of trans-18:1 due to the use of ruminant milk in food manufacturing, which comprised predominantly of the trans-18:1 positional isomer, trans-11-18:1. A recent epidemiological study revealed that trans/trans-18:2, a polyenetype TFA, was most adversely associated with total mortality due to an increased risk of CVD. On the other hand, trans-18:1 was not significantly associated with total mortality or CVD 15 . Almost all studies that investigated the negative issues related with TFA focused on the intake of TFA. However, regardless of the TFA isomers, TFA content may remain the same among different foods, while the quality or distribution of TFA and TFA isomers may differ. Therefore, it is important to shift the focus of TFA analyses to investigating TFA isomers and their effects. The primary TFA isomer in foods listed in Table 2 was trans-18:1, formed via biohydrogenation by bacteria in rumen. The source of biohydrogenation was polyunsaturated fatty acids, mainly 18:2 and 18:3, contained in foods derived from ruminant meat or milk, producing trans-18:1 via conjugated linoleic acids, such as cis-9,trans-11-18:2 and trans-10,cis-12-18:2. Formation of cis-9,trans-11-18:2 from 18:2 was mediated by Butyrivibrio bacteria in the rumen of ruminant animals. In contrast, formation of trans-10,cis-12-18:2 from 18:2 was mediated by Propionibacterium acnes in the rumen. cis-9,trans-11-18:2 and trans-10,cis-12-18:2 were biohydrogenated by Butyrivibrio bacteria to form trans-11-18:1 and trans-10-18:1, respectively 33 . Biohydrogenation in rumen was mainly facilitated by Butyrivibrio bacteria; therefore, the predominant trans-18:1 positional isomer in ruminant TFA was trans-11-18:1. However, we observed that trans-10-18:1 was the predominant trans-18:1 positional isomer in some ruminant samples sample number 1, 4, 10, 12, and 15 in Table 2 . This observation indicated that Propionibacterium acnes was dominantly active in the rumen of these samples, as well. This phenomenon was previously report-ed as the trans-10 shift 14 . It is said that this phenomenon occur when cow was taken high 18:2 diet, low in fiber, high digestible carbohydrates, etc 14, 34, 35 . Therefore, we hypothesized that these ruminant samples were likely derived from cows fed such a diet. Researchers previously investigated the effect of trans-10-18:1-rich and trans-11-18:1rich butter on the very low-density lipoprotein VLDL and LDL to HDL VLDL LDL/HDL ratio in blood, using rabbit models 36 . They demonstrated that the VLDL LDL/HDL ratio in blood of the animal group fed trans-10-18:1-rich butter was 1.7-2.3 times higher than that of the animal group fed trans-11-18:1-rich butter. This implicated trans-10-18:1 as another detrimental TFA in the relationship between TFA and the pathogenesis of CVD. In fact, many processed food samples in our study had high content of trans-10-18:1 sample number 42, 47, 68, 83, 89, 95, 96, 98, 109, 110, 112, 114, and 151 in Table 1 . The content of trans-9-18:1 and trans-11-18:1 is well discussed in TFA experiment; however, our results suggest that trans-10-18:1 is also important TFA isomer to discuss TFA issue. As previously mentioned, some foods contained 1.0 g TFA / 100 g food or more. Interestingly, many of the margarine and fat spread samples contained less than 1.0 g TFA / 100 g food Table 1 , whereas almost all the butter samples contained more than 1.0 g TFA / 100 g food Table 2 . Some of margarines seem like still using PHO because dominant trans-18:1 positional isomer of these sample was trans-9-18:1 sample number 1 and 6 in Table 1 . However, these results suggested that PHO was not used to produce many of the margarines consumed in Japan.
In a recently published paper, we added trans-18:1 positional isomers and cis-9-18:1 oleic acid to HepG2 cells and compared the secretion of apolipoprotein A1 and B, respectively 37 . Levels of apolipoprotein A1 and B correlated with HDL and LDL cholesterol levels in blood, respectively. According to our results, addition of trans-5-18:1 to cells significantly increased secretion of apolipoprotein B, among the trans-18:1 positional isomers. In contrast, addition of the predominant positional isomers, trans-9-18:1, trans-10-18:1, and trans-11-18:1, found in foods to cells did not increase the secretion of apolipoprotein B. Incidentally, the secretion of apolipoprotein A1 was not significantly affected by treatment with either the trans-18:1 positional isomers or cis-9-18:1. However, content of trans-5-18:1 in foods consumed in Japan was low Tables 1 and 2 ; therefore, we concluded that content of trans-5-18:1 in foods would not likely affect the LDL/HDL ratio in blood in Japan.
CONCLUSION
In this study, we examined the content of TFA, content of TFA isomers, and distribution of trans-18:1 positional isomers in foods 169 processed foods and 81 foods derived from ruminant meat or milk consumed in the Japan. Our results indicated that some foods did, in fact, contain 1.0 g TFA / 100 g food or more, but most foods contained less than 1.0 g TFA / 100 g food. We determined that the TFA isomers in foods separated into two main types, high content of trans-18:1 and high content of trans-18:2 and trans-18:3. Furthermore, we determined that trans-10-18:1 was also dominant trans-18:1 positional isomer in foods consumed in Japan. It is important to expand our understanding of the effects of TFA, and our results support further investigation of the effects of TFA isomers; these studies could subsequently lead would become valuable data to reconsider about TFA issue and conduct future epidemiological studies in Japan.
